Abstract-We have presented in this report the application of free electron potential model in the study photofield emission current (PFEC) in gallium arsenide (GaAs). The variation of photofield emission current is presented as a function of parameters like the applied high electric field, the photon energy, the initial state energy with reference to the Fermi level. Relation of change of PFEC to DOS is also shown for GaAs.
I. INTRODUCTION Photofield emission is a new technique in which a metal surface is irradiated by a laser beam with a photon energy ( ω ). Photon energy is usually less than the work function φ of the metal surface under investigation. The incident radiation photoexcites the electrons to states which lie between the Fermi level and the vacuum level, hence these electrons are confined within the metal surface but below the vacuum level. Experimentally when a strong static electric field of the order of ~ 10 11 V/m is applied to the surface of the metal causes the photoexcited electrons to tunnel through the surface potential barrier into the surrounding vacuum. These electrons which are now emitted into the vacuum region constitute the measurable current called photofield emission current (PFEC).
In this paper, we are presenting a simple method of calculating photofield emission current by employing the free electron potential model to define the crystal potential. The model potential used is shown in Fig. 1 . Here, free electron potential model is used to define crystal potential to derive the electron states pertaining to the initial states defined by | i ψ > , which is very important in the evaluation of matrix element M f i fi = + A p p A . .
to evaluate the photofield emission current density.
II. THEORY
A p-polarised radiation of photon energy ( ω ) is considered to be incident on the metal surface. The surface normal is defined by z-axis which is perpendicular to the xyplane. This incident radiation, usually a laser beam, causes the transition of electrons from the initial state i ψ to final state f ψ .
We consider initial states to be electron states lying below the Fermi level, and final states are states in the vacuum (detector). Therefore, the photofield emission current density measured can be written [1] as (1) Where ( ) , where W is the normal component of kinetic energy E KIN . These electrons will travel across the surface potential barrier which is deformed by the applied electrostatic field and the image potential barrier. 
Now for Hamiltonian,
where momentum opera- 
In (4), V = V B + V S , where V B (V S ) are the bulk (surface) potentials. In photofield emission, the dominant contribution to the current comes from the surface photo effect. This may due to the fact that the momentum of the incident photon is too weak to cause bulk photo excitation.
The matrix element fi M when expanded in one-dimension along z-axis is given by,
Here A z is the z-component of vector potential along zaxis. A z will be the one used by Thapa and Das [2] for calculating PFEC in the case of W. The wave function outside the metallic surface can be written as 
IV. CALCULATION OF TRANSMISSION PROBABILITY D(W)
The final state wave function f ψ used is the scattering state of the step potential which is encountered by the electron at the surface.
Step potential is defined by In Fig. 3 , we have shown the results of calculated PFEC as a function of the applied electric field (F a ) for three difference values of photon energies namely, ω = 0.82995 eV, 0.88437 eV and 1.02043 eV respectively. We have chosen the initial state energy E i = 1 eV below Fermi level (E F = 0.0). From the plot, we find that the value of applied electric field (F) is increases PFEC decreases from a high value towards minimum in an exponential manner for all the three different values of photon energies. The exponential decrease in photofield emission current is due to presence of exponential term in calculation of transition probability D(W) given by (9). From Fig. 3 , we find that a higher value of PFEC for low photon energy value ω = 0.82995 eV whereas lower PFEC for large photon energy ω = 1.02043 eV. This is due to the reason that PFEC given by (1) is inversely proportional to frequency of incident photon radiation. However, the variation of PFEC in all the cases of three different values of photon energies are similar in nature. In Fig. 4 , we have shown the results of the calculated PFEC as a function of initial state energy (E i ) for three different values of photon energies ω = 0.82995 eV, 0.88437 eV and 1.02043 eV respectively. Here the value of applied electric field (F a ) is equal to 5.14 X 10 11 V/m. and initial state energy (E i ) is chosen below the Fermi level (E F = 0.0). From the plot, we find that PFEC for photon energy ω = 0.82995 eV shows a maximum peak at E i = 1.75 eV below the Fermi level. We have also plotted PFEC for photon energies ω = 0.88437 eV and 1.02043 eV respectively. From this plot, we find that maximum peaks in PFEC occur at same initial state energy that is, E i = 1.75 eV for both photon energies below Fermi level as shown in Fig. 4 . Here the peak in PFEC is higher for photon energy ω = 0.82995 eV than for photon energies 0.88437 eV and 1.02043 eV. Therefore, the peak in PFEC is lowest for 1.02043 eV than for photon energies 0.88437 eV and 1.02043 eV. Therefore, the peak in PFEC is lowest for 1.02043 eV than for photon energies 0.88437 eV. This is obvious as stated earlier that PFEC is inversely proportional to frequency of incident photon radiation. In all the three cases we find that with the further lowering of initial state energy beyond the peak occurrence, the values of PFEC decreases exponential again. In Fig. 5 we have shown the results of the calculated PFEC as a function of initial state energy (E i ) for three difference values of photon energies ω = 0.82995 eV, 0.88437 eV and 1.02043 eV respectively. Here the value of applied electric field (F a ) is equal to 25.7 X 10 11 V/m and the initial state energy (E i ) is chosen below the Fermi level (E F = 0.0). From the plot we find that, PFEC shows a minimum value at around Ei = 2.0 eV below the Fermi level. Similarly, PFEC for photon energies ω = 0.88437 eV and 1.02043 eV also show a minimum at more or less at the same initial state energy E i = 2.0 eV below the Fermi level. With the further decrease in initial state energy, there is an occurrence of peak in PFEC for all the three photon energies at the same value of E i = 3.75 eV energy below Fermi level. However the peak for PFEC is higher for photon energy ω = 0.82995 eV than for photon energies ω = 0.88437 eV and 1.02043 eV as shown in Fig.   5 . This is due to the reason that PFEC given by (1) is inversely proportional to frequency of incident photon radiation.
The origin of peaks at 1.75 eV below the Fermi level as shown in Fig. 4 can be correlated with the occurrence of peak at 6.53 eV in the density of state (DOS) plots as shown in Fig.  6 . We find from the DOS plots in Fig. 6 that total DOS for GaAs and for individual atoms Ga and As is maximum at 6.53 eV below the Fermi level. This means that the origin of peaks at 1.75 eV below the Fermi level as shown in Fig. 4 is due to contribution by mostly the s and p states of Ga and p state of As. This is evident from the partial DOS plots of Ga and As where the maximum in DOS was contributed by Ga-s and p and As-p state electrons [5] . Fig. 6 . Plot of total DOS and partial DOS of Ga and As.
VII. CONCLUSION
In calculating PFEC we have used the free electron potential model which have been applied by Thapa and Das [2] to the case of W. It is found that the behavior of PFEC as a function of photon energy, applied field and initial state energy shows similar trends also in the case of GaAs. The occurrence of peak in PFEC at initial state E i = 2 eV below the Fermi energy can be addressed due to band structure effects. This is evident from the plots of density of state (DOS) in GaAs which is shown in Fig. 6 . However the discrepancy in the location of peaks as shown in Fig. 4 and Fig. 6 can be attributed to the choice of the wavefunctions to evaluate the matrix element. However, few drawbacks are still existing which must be attended for better accuracy. For example, we have used the real and imaginary dielectric constants which had been calculated by using the density functional theory. This was included to the model as proposed by Bagchi and Kar [4] . We are trying to correlate appropriately the dielectric model in the context of density function theory to calculate correctly vector potentials for transition probability.
